STEKEOCHCHISTSY  OF  AHIOVIC  OLIGOICIIIZATIOB  OF  J-VIlTfLPYRIDIHI: 
FitEPIlKATIQ)l  mill  AIIii:.YSES  BY  )mF  AlIS  CHBOHATOSKAFHr 


A MSSERTATIOK  PRESFirTEO  TO  THE  GRADUATE  COUNCIt 
OF  THE  CHIVERSITT  OF  FLOHIDA  JH 
PARTTAt  rULnilMEin  OF  THE  REOUIREMENTS 
FOR  THE  DEGREE  OF  DOCTOR  OF  PHILOSOPHT 


UNivERsrrr  of  Florida 


ACKJIDVLEDGKEIITS 


or  CODTEHTS 


SCKNDMIilGHEUTS  . 


CKAPIIR 


I rilTBOOUCTlOK  lUra  THEOSY 1 

:i  BETHOMIOGV  AlID  RESEASCH  OBJECTIVES IS 

III  CXPERIHEHTAL 20 


RirEREKCDS 

eiOdUPHICAl. 


Of  TABIES 


Stereci5CfTi«rs  of  VXn/1  Ollficaers 


Effects  of  the  Pulse  Delay  at 


ir  Welehte  of  Poly<2VP) 

1 of  Poly(2VP)  in 


Triad  Stereochemical  Configurationa  of  Poly(2VP) 


nrajBts 


Eat 


" SsSrS  2:'Srs'S;H*Ss3?‘' 


Poly(2-vlnylpyrl<lIna«)  were  syntheeized  to  ccfapare  the  polymer 

Initiated  polymer  Is  hipher  than  the  raeeo  dyad  content  at  the  chain 


to  be  consisteot  with  BemouUian  atatistics. 


CHSTOS 


IKTeOKJCIIC*  AMD  TKEOSy 


catalysts  were  soccessfally  used  to  polymerise  propylene  to  an  Isotactic 


iJulicated: 


(iaotAOTic) 


Por  any  gives  p^glysar  with  BemouUUn  statiitlee,  tbe  triad 


larly  using  Inrgar  maenstic  fialJs  or  ^ 

With  rsspect  to  &-t9Sthvlene  grours.  nav  axpscT  to 
sequences  of  Bionoeier  units  appearing  as  a fine  scrucci 


sively  isore  difficult.  All  moso 

episierization  of  the  aByneatric  c 

cases,  however,  such  assignnencn 

greatly  decreaeijig  accuracy. 


Ill  racereic  aequencea  can  usually 

asaigned  through 

inconsistent. 

solubility  is  limited. 


a high  poly- 
.e  apectruai, 


HHR  very  difficult, 

Due  partially  to  the 

polymer  chemistry.  It  would  appear  tha' 


it  the  study  of  stereochemical 


to  approaching  Thia  problen  for  several  reasons.  Pirst,  the  stereo- 
chsoioal  characterisation  of  oligosera  can  be  more  detailed  than  that 
of  polyiurs  because  fewer  asyraeietrio  centers  are  present.  Second, 

capillary  gas  chroostography  can  be  employed  to  study  the  atereoiso- 
leers  of  oligomers.  Furtherotore , the  oligceaeriaation  process  itself 

This  cemsiderably  glmplifies  the  assignment  of  those  centers  of  aaym- 
oetry  playing  an  in^ortent  role  in  the  polymerization.  Finally,  the 
aterencheielstry  of  other  reactions  such  es  methylation  or  protona- 

reaction. 

of  oligmeers  of  vinyl  monceiers.  These  oligomers  have  been  very  use- 
and  ecnfonsation.^’^^  Scene  oligceiers  were  isolated  from  oligomeriza- 
of  the  polymerization. This  research  has  focused  «>  the  study 

First,  the  Grlgnard  or  diallcyl  magnesium  initiated  polymerisation  of 
vinylpyridine.^^"^®  Second,  the  propagating  polyiT-W)  anion  and 


"T’ 


iF  the  dimer  iBoUted  b/ 


ejctrflctdd. 

vacuum  distillation  was  determined 

selectlvltlea  with  Increasing  cation  s 

because  the  number  of  stereoisomers  increases  rapidly  with  the  size 

mem,  the  nomenclature  of  stereostructure  of  polymers  is  applied  to 

d ayndiotactic  trimer  are  mr  and  rr,  reapectively.  In 

identical,  an  nr  trimer  la  different  frcn  an  ne  trimer  if  we  eeeisider 
its  formation,  but  they  are  not  diaTingulshabie  In  a chrceoatographio 

aepuencas  but  only  three  poaeible  chromatogrophio  peaks. 


chemical  aequencea,  As  wnr  and  rmm,  rarr  and  nrni  it 

Similarly,  tha  pentamer  may  have  nlsteon  sequencea 
sible  stereolscnars,  etc. 

a fomation  of  oliftomars. 


. KTHYUTIOH  STEBECCHC'IISTSY  OF  AKIM  Vl’ 
rUIICTIOlI  or  CATIOK  A)!D  coosdihatisg  aoemt 
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The  ahicD  (VI)  Ij  essentially  sp"  hybridised, 
most  likely  located  over  the  n cloud  of  the  anion, 

ion  pair  of  fVI)  leay  exist  in  fX)  end  fxl>,  i 


Ian  pair  (X)  ia  Faworad  <-l  keal)  because  of  a butane  gauche  type 
non-bondeci  Interaction  in  (XII  and  because  of  nan-booded  Interaction 

The  node  of  electrophilic  attack  laay  occur  "ayn"  or  "anti"  with 

ing  the  "anti”  reactlcwi  mode  would  beofyee  a "product  separated"  ion 
pair.  In  the  ease  of  the  reactlcn  with  CH.I,  such  an  ion  pair  Is 


KmiODOUJGr  AtID  RESEARCH  o: 

oligoin^ra  may  be  the  direct  analysis  of  the  original  product  solu- 
tion, i.e.  before  any  estractlon  or  fractionation,  with  a very  high 
efficiency  ohrMnatograph,  because  workup  procedures  or  pre-eeperetlofl 
work  may  distort  the  distribution  of  stereoisonere  due  to  some  spe- 
cific selection  process.  High  performance  liquid  chrctnatography  can 
successfully  separate  the  stereoiscners  of  diner  and  trimer  of  2-VP, 
but  the  eoBiplete  separation  of  the  six  terrsmer  isoners  has  not  been 

structural  Isomers  up  to  high  cligosers,  it  nay  be  useful  to  study 
the  distribution  of  oligomers  in  the  product  by  using  a graduent 

Recently,  the  extremely  high  resolving  power  of  capillary  gas 

of  stereoiscners.  The  stereoisomers  ve  are  Interestad  in  are  dia- 
stereoisomera  and  thus  should  have  differences  in  physical  proper- 
tien,  however  email,  such  as  polarity,  vapor  pressure,  etc.  Hith  a 
low  polarity  stationary  phase,  the  retention  tines  of  the  ccosponents 


vapor  pressure  of  the  substances,  Tt  Is  possible  that  capillary  fee 
chronatography  may  give  better  separation  for  those  stereoiscoters 

However,  gas  chrwsatography  also  has  some  liisedvantagee.  .^y 

thus  the  separation  will  be  limltad  for  low  molecular  weight  oligo- 

which  also  containa  some  high  oligomers  or  low  molecular  weight  poly- 
mers, these  compounds  will  be  retained  in  the  column.  These  will  be 
either  eluted  later  and  will  form  a broad  bend,  or  decompose  to 
smaller  fragments  giving  some  ghost  peahs  later.  Moreover,  since  mr 
and  rm  isomers  of  trimer  are  not  discernible  in  the  gas  chromato- 
graphy separation,  we  will  still  be  unable  to  determine  the  meso 
selectivity  of  the  first  monomer  addition  step  and  of  the  methylarion 

oligomers  of  syimietrical  structure  which  resemble  polymer  sequences. 

easier  to  analyse  than  asyrmnetric  oligcmiers.  Heso  dimer,  xaotactic 
trimar  and  isotactic  tetramer  have  been  identified  in  a previous 
paper. The  oethylation  also  generates  a new  chiral  center  and  thus 
which  does  not  raflaet  the  propagation  step. 


Rocently,  ppsMratlve  separatlofi  by  cKMlem  liquid  ehronato- 


froei  a mixture.  In  such  a ease,  finely  pacired  mlcregels  in  a 10  an 

"ehavins  and  recycllnqn  technique  can  substantially  iDiprove  the  col- 

25  art  internal  dianetar)  silica  gel  cnlutan  Is  probably  the  beat 

lOBer  Is  isolated,  the  stereochemical 

o possible  to  study  the  ollgoeier  struc- 
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EXPESIKDITAL 


-stag«  mercury  diffusion  pu 


>e  pressure  is  measured  bj 


can  be  eonstrucred  or  leodified  by  a natural  gaa/oxypen  toi 

' a glass  capsule.  Vhen  br 
a jolt  of  a "hammer"  whicl 


BreAkseal 


PpepaMtion 


Chemica  Is 


1.  Tyr — This  was  used  ac  the  solvent  for  all  □lisosierisation 
reactions  in  this  research.  A ?.5  1 wolurie  of  THr  (KallSnckrodt)  was 

donor  and/or  stabilisers.  It  was  then  distilled  to  a 3 1 flash,  and 

S of  ha/K  (2il)  alio/  and  2 g of  bensopheaone  (HallinckrodcJ  were 


*1-*”  *T 


(purple) 


fore  it  should  bo  ufiod  os  soon  so  possible.  Otherwise,  it  should 

s,  o-Hethvlstvrene — The  o-HS  (Eastman)  was  stirred  over  CaH, 

tenperature  in  an  ampoule  with  a breahseal,  The  purified  a-HS  was 

5,  Hethvliodl^—  (Aldrich)  was  stirred  over  CaH.  over- 

nigiit  and  degassed  on  the  vacuum  line  at  >199^0.  then  distilled  and 

*^C-onriched  Ch.I  (Herch  Sharp  & Doheie)  and  P.6  g purified  CH,I  into 
an  ampoule  equipped  with  a breakseal  and  sealed  off. 

1.  Oliecmerisation  of  2-VP  by  n-BuLi  Initiations.  About  10  % 


injected  by  syringe  into  a reaction  apparatus  (figure  3)  under  argon 

dried  THf  (ISO  ml)  was  vacuum-distilled  into  the  reaction  apparatus 


Bolutlon  was  twica  axtracted  w{cb  ISO  ml  of  diethyl  ether.  The  or- 

noDiner  additioo.  Tn  ttoch  a case,  polymer,  not  being  eoluble  in  di* 


aolution  gradually 


apfkiiratu*  as  ahown  In  figure  5.  About  30  lal  of  the  solution  of  5-EP 
Li,  in  a large  aopoule,  vas  introduced  into  the  main  flash  in  vacuo. 
THf  uaa  completely  evacuated  on  the  vacuum  line  Into  a flash  cooled 
at  -7Sec,  and  30  ml  of  hexane  was  added  by  vacuum  distillation.  After 

ture,  mixed  well  end  kept  in  the  freezer  until  crystallization 

ml)  was  than  added  by  vacuum  distillation  to  dissolve  the  pure  2*CP 

oligtsaerizatitm, 

K lor  Ha)  metal  (Haliinchrodt)  was  cut  into  small  pieces  and  put  in 
ths  SI  reservoir  (figure  6)  under  argon  atmosphere.  The  K metal  was 


H 

Is 

11 

1 2 
i 


tilled  in  fron  the  vncuun  line.  Fallowed  by  the  addition  of  a-KS. 


e recryatelliaation  ai 


.nto  the  flaeh  directly.  All  c 


(0.1  HI  through  breakaeals.  After  reactioi 
t'BuOK/DHSO  eolvtion  at  rooei  temperature  fi 


■K  (-  I 


tube  was  taken  at  speclfiad  parleys  of  tine  and  fallowed  by  ether/ 
water  extraction.  Ether  aolutions  were  then  analysed  by  capillary 

6.  Li  Oligoaeriaation  Tartnlnated  by  Protopatlon.  Purified 
2-EP"Li^  in  THf  solution  was  oligcrterlzed  as  shown  In  Iir-D-2  and 

le  product  was  recovered  in  the  sane  manner  as  in 


■t  Different  Honener/lnitla- 


tios.  Purified  l-EP'LI"^  in  the  THP  solution 
n evacuated  apparatus  (Piaure  8)  through  a breaksea] 
s vacuum-diacilled  into  the  flask  kept  at  -78“C  tup 
ad  by  dietillatlcai  of  2-VP  from  one  of  the  ampoules 


opened.  The  protonated  oligceners  were  extracted  by  chloroform  for 
chromatouraphic  analysis.  2-VP  In  the  second  ampoule  was  distilled 
into  The  remaining  "living"  polymer  solution,  and  5 ml  of  this  solo- 


of  ?-gP 

oligonterlaatlon  apparatus  (fieure  9)  from  th«  side  arm  under  argon 
amosphere.  Itie  hexane  was  removed  by  distillarion  od  the  vacuum 
Jlne  into  the  liquid  nitrogen  trap.  After  the  side  arm  vas  sealed. 


finally  noro  CH,I  was  distilled  unitl  the  color  faded.  The  apparatus 

KCl  solution  was  added  to  the  flask.  The  HCl  solution  uas  washed 

solution  was  extracted  with  SOP  ml  of  diethyl  ether.  The  organic 
layer  was  dried  over  Na«SO„  For  10  hrs.,  followed  by  ether  reieoval 
on  a rotary  evaporator  at  0“C.  Tha  residue  uas  dried  over  CaHj 

9.  Polymerisation  of  g-VP  with  Li,  Ab  Tnitistors  and  Li  initiator 
With  Crvptand  12.1.11.  High  purity  iwnomer  Is  necessarv  in  anionic 


in  IlI-C-2  was  connected  to  the  aoparatua  as  in  figure  10.  Two  pieces 
of  freshly  cut  K metal  were  placed  In  B1  end  Rl'  reservoirs,  respectively, 


into  the  center  fl»sV  kept  et  -7!*C.  the  fleet  shorn  at  the  rleht 

for  10  Biin.  before  vaciiun  distlllatian  to  the  fleet  shown  at  the  left. 


4 ampoules.  (This  2-VP  shoulc 


flask,  and  3-VP  was  then  divided  in 

After  neutralisation  with  HahCC.,  the  polymer  precipitated,  and  IOC 
of  diethyl  ether  was  added  in  order  to  extract  oligomers.  The 
ether  layer  was  collected  for  gas  ohrocutographic  analysis,  and  thi 


a round-bottomed 
id  condenced  on  a rotary  evapora- 


SuMJIun  initiator  fi 


T -yotc.  The  aoluticm  was  cooli 
onomer  was  added  by  distillation. 


;e  THr  solution . 
-■>3*e  imnediately,  and 


Analysis  Hi 


1.  Preparative  Houid  Chrcoatograohy 

with  a constant  wavelength  UV  detector  Model  153  which  has  an  0-05 
pathlength  sample  cell.  This  sample  cell  gives  only  1/PO  of  the 
sorbance  obtained  with  a 1 cm  pathlength  standard  cell.  Since  off 
scale  absorbance  is  cooboo  in  preperetive  separation,  one  is  able 
CO  see  TDore  of  a chromatogram  by  using  this  preparativa  sample  cel 

column  (E.  Merch)  2.5  a 31  cm  with  M0-S3  u LiChroprep  silica  gel 
was  satisfactory.  Because  this  column  has  a safety  pressure  renge 
up  to  100  psi.  The  pressure  upon  injection  may  increase  far  above 

release  valve  was  connected  as  in  figure  10.  It  releases  a part 
of  the  solvent  when  the  pressure  Is  over  100  psi  and  thus  protects 


column  froo  breaking  when  tl 

After  all  oligoaiera  ai 
a highly  polar  solvent  such  as  methylene  chloride-methannl  (e:!  V/V) 

long  time.  Overnight  washing  ie  often  sufficient.  The  oolutm  oan 
be  slowly  changed  back  to  a nonpolar  medium  such  as  hexane  for  storage. 

for  more  than  30  times,  and  the  efficiency  is  still  good  enough 

for  the  separation  of  structural  laofiiera,  the  solvent  gredlent 

timefi  for  both  small  and  large  oligomera.  The  Altex  Mode  332 

for  the  LC  separation  of  stereoisomers  (diastereomers)  and  the 
study  of  moleoular  weight  distributions,  Model  ALC/6PC  201  of  Haters 
liquid  chromatograph  was  employed  beeuase  of  its  "pulseless"  solvsot 


A 23  cm,  Su  Ultrasphere  Si  column  (Altex)  was  selected  for  this 
study  due  to  Its  high  resolving  power.  A 30  cm  u Styregel  10  A 
colutm  (Waters)  was  used  for  the  molecular  weight  determination. 


Capillary  Ci 


Gas  chroiastggrapblc  analyses  ware  parfortaed  using  a Heuletr 
Packard  Kodel  Saio  A Tnstrunent  equipped  with  Plane  Ipnizatlon 
deTactor,  a Model  IfiC-OB  capillarv  colunr.  csntpol  and  a Model  33d; 
Integrator.  Colunns  were  12  meter  colunm  with  dimethyl  silicon 
fluid  (Hewlett  Packard)  and  25  meter  column  with  SE-54  silicon  gun 
(Hewlett  Packard).  The  letter  has  a higher  temperature  limit 
(350»C),  so  It  could  bo  used  for  the  analysis  of  pentamers. 

Hewlett  Packard)  was  recently  Installed  in 


67.5  or  75  HHs  MKR.  The  structure  of  oligomers  was  identified 
by  comparison  of  the  relative  proton  absorptions  of  CH,  end  groups, 

configuration  of  the  last  two  units  from  terminal  group  was  detemined 

sterlc  configurations  of  the  polymer  chains  were  determined  by 
comparing  the  absorptions  at  the  quaternary  carbon  of  the  pyridine 


CHAPTEB  rv 
RESULTS 


1-VT  to  llthio-J-EP 


the  ieparation  es  o non-polar  solvent  (A),  end  e nixture  of  methylene 

of  methylene  chloride  to  methanol  was  aelected  so  that  the  Tointure  Is 

can  be  eluted  from  the  column  with  solvent  D.  Eluent  was  collected 

lines.  Each  fraction  waa  condensed  with  a rotary  evaporator  and 

trap  of  the  vacuum  line  in  - 10  min.  The  60  HHe  HhR  spectrum  shows 
that  this  Is  a methylated  monomer,  2-(2*pyridyl)propane.  Fraction  d 


shewn  in  Plgurs  13s.  This  has  bsan  idsneified  as  a meso  dlnisp.*® 

«o  svldence  of  raeemie  iseoor  can  ba  found  in  the  methyl  group  reso- 


The  spectra  of  fractions  f and  p are  shown  in  figures  12b  and  c. 

lasthyl,  Biethylene,  nsthine  end  pyridyl  group  rasonanoes.  fraction  g 
is  a relatively  pure  isotactic  triner  because  It  is  very  similar  to 
the  60  K>ls  spectrum  of  isotactic  trimer  which  has  been  identified 

Similarly,  fractions  i and  h are  relatively  pure  isotactic  tetramer 

The  separation  of  rigure  11  was  satisfactory,  but  it  consvseed 

graphio  ceparation,  solvent  consumption  should  also  be  tahen  into 
account.  However,  If  the  polarity  of  the  mobile  phase  is  increased 

the  separation  of  atereciecners  tends  to  become  poorer.  Figure  13 

oligraerlzation  of  3-VP,  where  the  ratio  of  raonceier  and  initiator  is 
- 5.  Ths  peaHs  are  assigned  by  proton  NHR  and  are  shown  in  the 


.9  procHure  tool 
’Her  procedure, 


eBiourt  of  sol’/ent  uged  was  eleo  freatly  reduced  (1  liter  v9.  3 
liters).  In  this  separation,  however,  crieicr  and  tetraiBer  stereo* 

On  Che  other  hand,  separation  of  scereoisoners  can  be  obtained 
by  a slow  Increase  of  solvent  polarity.  Diner  obtained  fren  the 
potaesio-S-EP  initiated  oUgoner  and  ccntalnlns  a receraio  iscner  was 
eluted  In  3 hr.,  and  Che  broad  elution  band  vac  divided  into  20  frac- 
tions, The  eluent  of  each  fraction  was  evaporated  and  dried.  The 

ton  HKR  epectrute  is  shown  in  Pijture  1**.  The  doublet  of  the  oethyl 
group  is  0.067  ppm  upfield  from  the  neso  ieomer.  Kethylene  and  neth- 
ine  peaks  are  similar  to  racemic  2,4-dlphenyl  pentane.^® 

After  some  of  these  separations,  some  high  eioleculer  weight  sub- 
stances may  etill  be  retained  In  the  column.  These  may  be  eluted  in 
subsequent  runs  and  could  thus  complicate  the  analysis.  For  this 

by  slow,  overnight  elution  with  the  moat  paler  eolvent  in  the  re- 


rimea  of  The  ollgcmar  fractions  will  be  somewhat  de 

I peek  being  easily  recognisable.  The  separation  o 


f Stereoiscmers  ii 


ij  Chrcmatographie  i 


fvgvious  studies  shoued  that  potaasiun  salt  initiated  oiigopiera 

salt  initiated  oligcirtaps  foligomer  Li)  coateined  only  sieso  dimer.'^ 
It  is  SKpaeted  that  potasaiunt  initiated  polynierlsatien  will  tend  to 
be  less  eteneospecific  than  the  lithiuia  salt  initiated  polymeriza- 
tion. Therefore,  the  oiijtcfnepB  CK)  should  oontain  more  stersoisceters 
than  oligomera  (Li).  The  products  were  separated  preparatively  as 
shoim  in  riiture  13,  end  the  oliganer  fractions  were  termed  dimer 


Identify  th' 


Because  these  two  doublets  are  well 
dioier  isomers  could  be  conveniently 
he  methyl  group  resonance  as  shown  in 


ppci)  corresponding 


Capillary  column  gaa  clircfTtatOKraplty.  which  is  a quantiTacivs 
analysis  technique,  completely  resolves  the  two  stereoiaiwtiers.  Again 
peaks  are  assigned  according  to  their  relative  intensities,  and  this 
was  confirmed  by  injection  of  the  pure  isotactic  stereoisooeris). 

Heso  disier  has  a longer  retention  time  then  racemic  isomer.  The  per- 


(rraj  end  rr.  The  isotactic  rriteer,  mm,  is  a syimetrie  molecule,  the 

same  is  the  case  for  the  syndiotsctic  trimer,  rr.  The  heterotactic 
trirer  (mr)  iimi)  is  asynnetric.  In  liMB  analyais,  Che  two  methyl 
grcups  of  an  isr  molecule  will,  in  principle,  have  different  chemical 


when  the  first-formed  dyad  <from  the  initiator)  ia  meso,  and  the 
other  dyad  is  racemic.  (Thus,  the  identical  trimer,  m,  in  which  the 
first  dyad  Is  racemic  and  the  nest  Is  meso,  has  an  initial  methyl 
group  Identical  to  the  terminal  CH^  group  of  the  mr  trimer.)  There- 


I»ble  3 Distributions  of  Diner  end  Trlner  StereoloOBers . 
A Compirlson  of  and  ChronatorraiAic  Data. 
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G.C.  eolunm  Is  lan  Capillary  colisut  with  Dlnetbyl  Silicone  Fluid 
(Hsulett  Packard) 

^D.C.  column  Is  25  cm  5lj  Ultras^ere  51  (Altnc) 

Solvent:  CH^Clj  9,  CHjOR  1,  Iso  octane  50  * 0.01*,  0.01*  AcBtC^B,)- 


e fowr  doublets  in  the  nethyl  group  area.  The  completely 

peaV,  The  NMR  epeccrum  of  trtner  (KJ  is  shown  in  Figure 
is  easily  seen  that  there  are  four  peaks  in  the  methyl  re- 
n order  to  identify  the  peaks,  isotactic  trimer  was  isolated 
gura  11  and  completsly  epimerlzed.  The  epimerisation  was 
out  with  potassium  t^hutoxide  in  a dry  dimethyl  sulfocide 
GMSO)  (Eguation  15).  After  the  epinerisation  reaction,  the 


using  high  psrfomance  liquid  chromatogrephy,  this  epimerised  trimer 
was  separated  into  3 pea)(s  in  about  a lt2:l  ratio  (Figure  16c).  The 


retention  time  es  the  Isotactlc  i 


the  liquid  chrcoiatognapMc  analy- 


(25%  enriched) 


Ultrasphert  S£  (AJte«) 


wert  produced, 
through  XXI,  t 


trlnier  {XX)  was  partlajlv  eplmerlaed  {Equation 


:e  carbons  of  these  oligcmers  is  much  fee 


tographlc 


dlsTlnguishable  li 
abaoi^tlonB  of  ec 


could  6hov  eight  CH.  VMS  signals. 

Pure  Isotactlc  tetrantet,  which  had  been  Identified  in  a previous 

The  isotactlc  tetraoer  is  again  the  last  peak  (figure  ITa).  Cqoaticai 
16  Ulufltrates  the  epinerizaticet  process  of  an  isotactlc  tetraper. 


-KftW 


-K+- 


I 


temal  aoyaBaetric  carbon  is  epiraerlaed,  the  mrr  (or  rm)  isoner  is 

rm*.  rrr,  siro  or  mem.  A 30  min.  epiraerltation  of  Isotactic  tetrao* 
only  produced  two  Isooere  (figure  17b).  Surprisingly,  the  new  Isofi 


product 


determined 


10  1 1 12 


conveniftnT  assljrnnents  of  The 


{%)  IU8JU03 


a '^^C-enriched  oathyl  iodide.  This  aaepie  vaa  found 

spectruBi,  each  peak  having  a different  heipht  (figure  Id).  Peaks 

largest  peak  ie  ssni,  the  second  peak  is  orm,  but  the  aseigoDent  of 


chromatograph 


Sttresiacacrs 


59  (5)  W.T  t*l 


O.C.  eoluar.  Is  12  a CipUlsry  lalian  »!lh  DlxstByl  Silicon*  Fluia. 


le  nethylatlon  of  the 

cones  Isiprectical  fop  work  m>  long  oligomers.  It  is  also  not  possl- 

Accordlng  to  the  tetreoier  spectral  assigonents.  The  separatioo  of 
these  M groups  of  high  oligomers  is  based  on  the  first  two  dyads  froe 

properly  integrated,  fortunately,  in  this  study  only  tepninal  methyl 


lers  (X) 


several  structural  Isomers.  Trlmer  (K)  ant 

peak  areas,  sated  decoupling  eay  be  used,  t 

also  shous  that  the  results  obtained  with  l 

results  obtained  by  a k second  pulse  delay 

Four  separate  absorptions  of  unequal  areas.  In  all 

be  eoaiplete  in  3 weeks,  but  the  epimerisation  of  ex 


; this  technique  requires 
intensities.  Table  5 

eimificantly  Frcm  the 


'C  labelled  methyl  i, 


Enh&ncQent  op 


oligomers 


FIGURT  Dyads^CoTTespondlng  to  Pol,  Pbi2,  ftil'  and  Pib3' 

connespondo  to  Pml' 


f"’  Stw*”?*'  ”n,p,  "a, pi* 

"T 


the  C labelled  initiator  shoo 
r*!  trioer  and  tetraner  (rigure  35 

irs  I*  p^j,  vhioh  la  Identleal  to 

The  spectra  of  other  oli|;cners 
la  similar  to  Figure  20.  In  ore 
* the  propajtation  direction  else 


of  oligeners  (LI)  prepared 

>).  Obviously,  the  largest  tri- 

isomer  whose  first  dyad  is  m and  the 


o calculate 
os  (Figure  33)i 


lOd  p^j,  of  oligceiers  v> 

rasier  are  Identical  as 


IU8IJ03 


The  spectrum  of  the  pentaner  in  figure  2S  shows  seven  peah 

alJrost  equal  intensities.  The  seems  close  to  50%.  The  p 

Pj^j.  value  of  the  protonated  pentamer  ffigure  2M>,  confirming  ai 
the  validity  of  thia  assignment. 

Protonated  tritner  and  tetramer  have  been  well  separated  wii 
capillary  column  gas  ehromatagraphy.  Two  peahs  of  trimer  are  e. 
assigned,  and  raoemic  isomer  has  a shorter  retention  time  as  exf 
The  chromatogram  of  the  protonated  tettaoer  (Li)  is  similar  to  t 


order  of  retention  times)  rr,  nn,  mr  and  mm.  Results  of  chrcmato- 
graphio  analyses  are  in  good  apreement  with  those  of  the  RMR  integra- 


.i  Olisomerisation  Terminated  at  Different  Wonomer/initiator  fti 


methanol  ai 


initiated  with  Li-2-: 
lonooer  to  initiator  r. 

silica  gel  column  (Ultrasphere  Si,  Rltex)  was  used  to  analyse  oligo- 
mers up  to  deccmier  range  with  a gradient  mobile  phase  (figure  27). 

raers  are  propcartional  to  the  number  of  pyridyl  groups.  This  has  been 

Thus,  The  peak  area  can  be  employed  to  ' 


iDitiatoi'  (2*SP) 


present  in  very  emsU  quentlties.  When  H/I  rat 
of  2-EP  is  found  to  be  vary  staall.  The  diner  i 

of  oligoners  are  found  to  be  in  a somewhat  nom 
the  mawimum  moving  to  tbe  bigfaer  oligceners  when 


always  the  ttaior 


inoaer.  Quantities 
L distribution  with 


r.  Stereochemistry  at 


e Polymeriaation  o 


Four  polymers  of  2-VP  (Li-70,  Li-210,  LI/[3.1,1]  ai 
have  been  synthesized  by  distilling  a highly  purified  in 

methyl  iodide.  The  first  two  polymers  were  initiated  with  lithio-?- 
Ef.  Polymer  LifC2>l>l]  was  formed  in  the  presence  of  30%  molar  ew- 

Molecular  weight  distributione  of  polymers  have  beeh  determined 
with  a uStyragel  10^  A column  in  the  DHf  eolution  (Figure  2B).  Poly- 
mers (Li-70],  (Li-2ao]  and  (Pb-IDO)  have  very  narrow 


UStyragel  j (Vitars' 


distributions!  hovsver,  Li/[2.1.i]  contains  sore  high  noleculer  weight 

at  room  temperature  than  that  at  a higher  temperature,  The  methyl 
group  resonances  show  a different  peah-pattem  in  the  aethanol-d^ 

we  find  that  the  chemical  shifts  of  the  polymer  appear  to  depend  on 

polymers  still  have  the  same  chain  end  configuration  as  the  olLgcskers. 
The  chemical  shifts  of  the  quaternary  carbon  of  the  pyridyl 

between  the  C.  and  CH.  reeonances  of  the  mm  polymer  triads  are  tabu- 
lated io  Table  The  chemical  ahifts  change 


e 8 Moleculu-  Wel«lita  of  Poly(?VP) 


Dlyioer  (L1/C2.1.1J) 


T«ble  9 Chealcbj  Shirts  of  Poiy(?V?)  in  the  K3  Spectrs 
CoQcentretlon  C2(ppin)^  CHjfppo)”  gc 


<li-200)  Stt.  163,65  i 

Polymer  [Rfc)  Bat,  I63.B0  s 

(Lini.l.lD  Set.  1S1..I.I.  i 

^Ihe  isotactie  tried  peek  of  the  Quaterr.e 


U3.6a 


la  the  pyridyl 


Trtid  StweoctiatlMl  Cjnfltiir»tton«  ef  Poly(2V?) 


CHAITTB  V 
DISniSSIOH 

th«  data  ahown  in  this  study,  wa  find  sere  discrepaecies.  AcccQ^dinf 

this  study  that  the  mononwp  addition  Is  not  as  stereospecific  as  pre- 

(K)  and  the  dimer  (Rb>  are  90%  and  75%,  respectively,  in  this  study. 

In  Che  previous  studies,  they  sere  reported  as  95%  and  57%,  respec' 

In  previous  experimonts,  the  dimer  use  distilled  in  vacuo  from 
the  crude  product.  Since  the  racemic  dirwr  has  a shorter  retention 
time  than  the  meso  isomer  in  GC,  it  should  have  a lover  bailing  point. 

The  fractionatlwi  of  other  structural  isomers  in  the  previous 


r visual  inspsctioa  cif  the  residue  reffsining 
r evaporation.  These  samples  were  then  analysed  by  NHP  speotro- 


I Isotaotic  iaoner  (rieure  71)  was 
divided  into  10  fractions.  The 


liquid  chromatographic  colunn  (Lot 
ously  through  a email  UV  sample  ci 

shown  in  Figure  31.  The  eluent  wi 

stereocheoistry  of  the  vinyl  addition  reaction  was  thus  mistakenly 
assumed  to  be  identical  to  that  of  the  raethylation  reaction,  which 
highly  stareospecifle  (>991). 


(yvi)  is  expected  ti 


The  "syn"  d|ipredch  shauld  else  be  Favored  in  the  inethylation  of 

(24). 

vhere  the  ultimate  pyridyl  group  (B)  is  in  the  2 form  with  respect  to 


plex  with  t) 


ate  free  energy  ieerfInR  ti 


Ihe  relatively  low  decree  of  otoreoresularlty  obeerverj  ii 


and  tetramer  contain  icore  than  one  isoner.  The  protonated  trioer, 
"heKane”,  shoved  two  peeVs,  62.81  and  37. 2\;  while  the  eiethylated  tri- 
mer,  "heptane",  showed  three  peahs,  59.81,  37.91  and  2.21.  The 

the  "hexane"  was  identified  as  tv,  and  the  snaller  peah  as  r. 

29.51,  10.01  and  6.71.  Because  the  sun  of  the  fractions  of  The 


ne.  These  two  peaks,  therefore,  were  aasiined 

a PiRure  25,  and  as  confireied  by  partial 


the  tetreiaeric  and  higher 


Effects  of  Ci 


: also  highly  aeso  specific 
le  presence  of  Li  (Elpore  i 
St  dyad  of  oXigcoiers  (Ha)  i 


• for  the  meThylatloo  in 

It  froB  that  of  ollgoners 

'or  the  oligomerisation  in 


As  The  cation  site  further  increases,  the  less  strongly  ooordinat- 

pyridyl  groups  as  Li  or  tia  ions,  as  the  sizeable  drop  la  Bethylation 

ion  pairs  is  expected  to  increase.  Since  the  corresponding  diastereo* 
should  have  essentially  the  saiee  free  energy. 

tetramer  (K)  and  larger  oligomers  have  similar  Pra2  values,  (-  0.67), 


but  the  triner  (K)  itself  has  a higher  value  (-  O.fll),  In  the  ease 
of  olisomnrs  (Rb),  the  Pm2  value  of  the  tetraraer  also  drops  aignifi- 

earae  as  that  of  the  pentaner.  The  greater  ateraocheraical  oomplexity 
of  the  K and  Rb  systena  does  hot  allow  us  to  postulate  a detailed 


mechaniBRi. 

As  in  the  case  of  polymers,  the  partial  epimerlzation  of  these 


of  m Isomer  are  produced  fr«n  an  isotactic  triiier.  Since  the  rr 
Isomer  can  be  prefaced  by  a one-step  epinverioatioh  of  an  internal 
asyimetric  center  (36)  or  by  a two-step  epimerisation  of  the  external 
asynmetric  centers  07),  the  ratio  of  (k  Ep,  I)/(k  Ep,  e)  should  be 


H+f4' 


06) 


IiiteMatir£ly,  the  triad  infonnation  of  the  polymer  (Ll-50)  fit 

effect  OB  the  ooBooier  addition.  Since  the  atereochenleal  oonflgura- 

;t  dyad  of  the  larger  oligteaera  (Li)  55^).  The  etereochemleal 
'ucture  of  the  chain  end  of  a Bemocllian  polymer  is  expected  to 


Table  10  shove  th> 


Let  us  define  CmrS]  to  mean  the  fraction  of  stereochemical  c< 

. d[inoi®]„  , j dtmrel^^  , y dCrnah]^  . y 1"*]^  _ ^ (3, 


■"■'n  = Z 


, * era*!  . 


)[mi"l  03) 


^nr  r C*ai*3^  ^ Cro'*] 

where  [am*],  [rt.“:,  etc.  ere  defined  as  E g ' 

lt„  S r ai 

Likewise  ^ 1 5 C’t“I 

“ra  g In’"] 


y d[mrd)  _ dCnni^l 


Assuming  that  S [mn*] 


( t g [rrA]^_j.) 

- (k,j.  t g [nnk]|^ 

tr*]  For  ft  is  large,  this 


fiirrA>[rrA] 

far"] 


confirm  a !>BrcIcul3r 

ing”  polymera  of  2-vp  ia  quite  different,  i 


:h  raethyiatlon  and  v: 


the  mecTtyl- 


the  clialn  end  of  the  polymer. 

ation  being  highly  ^nneso"  stereoselective  for  Li  acid  Na  cations.  1 


8<wi  with  the  stereochemistry  of  the  rest  of  the  chain  is  a potentially 


interndl  nethine  protons.  This  finding  grestiy  fscllltfltss 
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